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(54) Antenna configuration for low and medium earth orbit satellites 

(57) An antenna configuration suitable for 
LEO/MEO satellites includes a plurality of lenses (32) 
whereby each lens has a plurality of feed horns (42) 
positioned with respect to the lens (32). The lens (32) 
has a first surface (40) and a second surface (38). The 
plurality of feed horns (42) is disposed upon a curved 
surface (44). Each of the plurality of feed horns (42) 
generates a beam (22) that has a phase distribution. 
The phase distrfoutions have a predetermined phase 
relationship with a first surface (40) and preferably the 
second surface (38). This allows the lens (32) to trans- 
mit and receive a signal with desired phase distribution 
across a cross-section of the beam. The beams from 
the plurality of lenses (32) are interleaved on the ground 
to form a contiguous coverage with multiple overlapping 
spot-beams. 
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10001 ] The present invention relates to space and 
commotions satellites, and more particularly, to an 
antenna wrt^raton for a multiple beam satellite, suit- 

SoSeo)" 9 ° Pera,ed in low 01 meaium "* ort3its 

Background Art 



[0002] Satellites in geostationary omits (GSOs) 
have been widely preferred because of me ecormS 
advantages afforded by such omits, m a geostationary 
orbt a satellite traveling above the earth* equator in 
me same d^ecfon as that in which the earth is rotating 

21 83016 a " 9Ular VelOCit * Wears stationary rel- 
ative to a pomt on the earth These satellites are always 
™ew; a. all ^cations within their service JeaTso 
^ Mb0ft * effectively ,00 percent 

Antennas on earth need be aimed at a GSO satellite 
only once; no tacking system is required. 

K«SL ® V * n<hedesirabi!it y°' geostationary satel- 
We orbrts and the fact that there are only a finHe number 
o^e -slots- in the geostafcnary the Se 
«paoty has been essentially saturated with satellites 
op«ating ,n desirable frequency bands up through Te 
£*and (up to 18 GHz). As a result, tiie govemrnTm 
hasbeen auctioning the increasingly scarce remalTg 

2 TWs has encouraged the development of 
^ enSiVe ne * WuSEq those 

Sra^tn 0 ^ (LE0 ' S) - m8dium «* omit 
ShEL!?/* 1 * frequencies ' example, the Ka 
and V^»nds (up to approximately 50 GHz) Growth to 
^equenaes is timJt* by dflicuH ioblent S 
ItS 3 * Pfopagahon. and expansion in satellite 

S' 6 ^ ^ be '° W » e ^ °e^ A host of pro 
E ° ,o SySteTC this direction. 

^rL r( ? af LE ° Sa,e,,i,es ' n<wwe '- ^ beams 

beams near the edges of the coverage to compensate 
tor. the pah .ength differences. In addition, thebeams 

Z T? ,0 * CifCUlaf 0,086 to the of 

cell size on the earth. The different beam requirements 

5ST 1"^* ° f ,h8 baam-forminT«rS 

each feed are d^ded ,nto a number of beam portions. 

SSLS^ 18 amP,ftUde 8ftd using 
varaweactove components. The beam portions are 
mencomb-ned to form beams. The feed neSX fhe 

£r d ^ ,emS beCOmes **■ because a 

Se Sr k H a network ano 

lSL ^ Va " able anenua ' 0 ' 5 and/or triable 
Phase shrfters are required. The number of variable 



attenuators fe the product of the number et beams and 
the number of elements per beam. 
[0007] Weight, size and power consumption are 
always a concern with satellite designs. The beam- 
S forming network is complex and mus me we ^ n , 

* e i? f T <ir Consum P tion «• wly high. It would 
*er*ore be desirable to reduce the comply oSe 
beanvforrnng network and therefore reduce the size 
weight and power consumption of the satellite. 

Summary Of The Invention 

XL h, !" 6 Presem ifVenfon fe ^ antenna for a 
satellite that may use only one feed per beam, ft does 

r W a bean, tomer to generate various size 
beams The satellite antenna configuration includes a 

S£?JTJ? 3 ^ * ,eed homs Portioned 
Wropnately w* respect to the lens. The tens has a 

a> L a ^ a ^ The lens is common 

SS beamSand ' S sha P« 1 ^chthatit converts an ind- 
dent sphencal wavefront from the feeds to a planar 
wave front at the exit aperture of the .ens. The plural^ 

2 21 » a su ^e. Each 

^e pluralrtyel [feed horns generates a primary beam 

£2f SUrfaCa 01 me which is phases- 

b2m £ .IT 6Urf8CeS 3nd aeat6S a ^acondary 
beam from the tens outer sutace onto the earth. The 

SKf 8 ! n ^! aSe <fistribu,ions at the outer surface 
of t^ lens control the secondary beam size and shape. 

SJ^L anpB,Ude •* Dhase tfstributions are 

tot^^^!° l,in9,he,eedsize - 'ocation relative 
to the lens, and the shape of the lens. 
10009] One advantage of the invention is that the 

35 w!L ) Jn a ^ Ve 1 COfnp0nems ** am P |itude and phase 
downlink arrjpJBiers is reduced. 
(0010] Anothe? advantage is that the present inven- 
tion may also be applied to GEO satellites! 
4» ° ther aoVama g es and features of the 

K^^^^ eawremv ^"««yedin 
l«ht of the detailed description of the preferred embodi- 
ment when taken in conjunction with the attached draw- 
mgs and appended claims. 

« Brief Description of the Drawings 
[0012] 



50 



55 



FIGURE 1 is a view of a satellite in the deployed 
configurate in which the present invention isappli- 

FIGURE 2 is a plot of a beam layout formed with an 
antenna configuration according to the present 
invention. 

FIGURE 3 is an antenna configuration for form.no 
^fooo'o'^ to the present invention. 
FIGURE 4 is a cross-sectional view of a lens 
according to the present invention. 
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FIGURE 5 is a schematic diagram of a lens and 
feed array positioned above the earth's surface. 

FIGURE 6 shows generations of various beams 
having different elliptidty value. 
FIGURE 7 is a plot of computed copolar beam pat* 
terns according to the present invention. 
FIGURE 8 is a layout of beam patterns plotted 
according to the present invention. 
FIGURE 9 is a plot of the central beam copolar pat- 
terns. 

FIGURE 10 is a plot of cross-polar patterns of the 
central beam off Figure 8. 
FIGURE 11 is a plot of an edge beam copolar pat- 
terns. 

FIGURE 12 is a plot of the cross-polar patterns of 
the edge beam of Figure 10. 
FIGURE 13 is a prospective view of an antenna 
configuration having three lenses according to the 
present invention. 

FIGURE 14 is a computed edge of directivity value 
plots for different beams of a LEO satellite. 
FIGURE 15 is an alternative antenna configuration 
having two different size lenses. 

Best Mode(s) For Carrying Out The Invention 

[001 3] Referring now to Figure 1 , the present inven- 
tion is intended for use with satellites 12 that form a 
communication network 14. Network 14 may be formed 
of low earth orbit (LEO) satellites 16. medium earth orbit 
(MEO) 18 satellites, a GEO stationary orbit (GSO) sat- 
ellite or any combination thereof. Each satellite 12 
projects a plurality of beams, one of which is shown at 
22. to the surface of the earth. Beams 22 may be used 
to transmit and receive communications from the 
earth's surface. Beam 22 projects a footprint 24 onto the 
surface of the earth. 

{0014] Referring now to Figure 2, a beam layout 26 
for a medium earth orbit or low earth orbit satellite of the 
present invention is shown. A plurality of footprints 28 
are labeled A, B. and C. Each of the three footprints 
comes from three different lens apertures that are 
formed according to the present invention. As will be fur- 
ther described below, the footprints labeled A, the foot- 
prints labeled B. and the footprints labeled C originate 
from a respective antenna aperture. 
[0015] Referring now to Figure 3. an antenna 30 is 
illustrated for generating a plurality of beams. In prac- 
tice, a mjn^exoLantenna&30 may be used to generate 
the beams. In Figure 2 above, three antennas 30 were 
used to generate the plurality of beams. Each beam 
la beled A, J3,_and C originates from a respective 
antenna. 

[0016] Antenna 30 has a lens 32. a pluiality^of 
antenna elements 3 4. and a feed network 36 coupled to 
antenna elements 34. 

[0017] Lens 32 reshapes a beam of electromag- 
netic energy signals that is directed therethrough. Lens 



32 preferably has an outer surface 38 that is spherical 
and an inner surface 40. which is also curved. Inner sur- 
face 40 has a curve shape so that an incident spherical 
wavefront distribution from antenna elements 34 is con- 
5 verted to a planar wavefront distribution at the output 
aperture of the lens. This allows the lens to transmit and 
receive a signal with a uniform phase distribution across 
a cross-section perpendicular to.the longitudinal axis of 
the beam. 

io [0018] Preferably, outer surface 38 of fens 32 is 
spherical and the inner surface 40 is shaped. The inner 
surface of the lens may also be zoned to reduce the 
mass and minimize the coma errors for the scanned 
beams. Lens 32 satisfies the so-called Abbe-Sine con- 

15 cfition for scanned beams. Both the inner and outer sur- 
faces of the lens may be surface matched using 
circumferential slots to match the lens to free space and 
to reduce the mass. 

[0019] Antenna elements 34 a^e^n_aiTay_cJJeed 

20 h ome 4 2 disposed about a curved surface 44. As will be 
further descrfoed below, curved surface 44 has a geo- 
metric relationship to lens 32. Feed horns 42 illustrated 
are arrayed in the azimuth and elevation planes. 
[0020] Feed network 36 is coupled to each of the 

25 teed horns 42 and has a typical configuration tor each 
antenna element 34. Each feed horn 42 has a fitter 46 ~ 
used to reject either transmit or receive frequencies. HI- * 
ter 46 is coupled to a polarizer 48. Polarizer 48 is used 
to generate efferent polarizations. For example, polar- " 

30 izer 48 may generate dual circular polarizations (left- 
hand and right-hand circular). Polarizer 48 has two 
inputs consisting of two switches 47 and a redundant 
low ncHSfiamp jjf ier 49 . Thus, naff of the total number of 
beams from each respective antenna 30 is oppositely . 

35 polarized. Using two different polarizations increases 
the spectral reuse by two-fold. 
[0021] Feed horns 42 preferably have varying diam- 
eters. The central feed horn has a diameter d t larger, 
than the edge feed horn. The diameters of the feed 

40 horns decrease moving from the center feed horn to the 
edge feed horn, which has a diameter ofe. This allows 
the center beam to have a larger diameter. 
[0022] Referring now to Figure 4, a cross-section of 
a suitable lens geometry having a focal length to diam- 

45 eter ratio (F/D) of 3.0 is illustrated. In this example, lens 
32 has a diameter of 1 6 inches and a focal length of 48 
inches. The relatively large F/D ratio minimizes the scan 
losses and reduces the cross-polar radiation from the 
lens. The inner surface 40 of lens 32 has a shape to 

so have an even phase distribution across the outer sur- 
face 38 of lens 32. 

[0023] Referring now to Figure 5. a feed network 36 
is illustrated with respect to lens 32 and the earth's sur- 
face 50. Lens 32 has a central point 52 located in the 
55 center of inner surface 40. A center feed 54 generates a 
central beam 56 that has a center line 58. Center feed 
54 is located a distance p c distance away tram inner 
surface 40 of lens 32. Central beam 56 is directed from 
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the central point 52. Centra] beam 56 Is focused by lens 
32 to a displaced focal point instead of the real focus F. 
The distance between curved surface 44 and lens 32 is 
the distance F-Fq. The distance by which the centra! 
beam feed is defocused is F* The mathematical rela- 
tionship between the distance of center feed 54 the 
focal length F and angle e is: 



Pc = ( F -F D )( 1 +cc>se)/2 

10024] This formula is applicable to feeds along 
curve surface 44. By forming the beam with the dis- 
tances calculated by the formula above, the desired 
quadratic phase distribution of the beams across the 
lens surface is achieved to broaden the beams. The 
beam may also have a linear phase relationship with the 
outer surface 38 so that the beam is directed to appro- 
priate locations on the earth. 
[0025] As the distance from center feed 54 
increases, the distance Pc changes. The outermost feed 
location is defined by the equation: 



P e = Fcos e 

The ellipticrty of the beams can be varied by changing 
the -n" value. Elliptical beams with either minor axis par- 
a lei to the scan plane or perpendicular to the scan 
plane can also be produced by varying the "n" value As 
shown, curved surface 44 has generally two different 
curves. The first curve 64 is located in the central por- 
tion of curved surface 44. First curve 64 has a generally 
spherical cross section. The curved surface 44 also' has 
a second curved area 66 around the outer edge of 
curved surface 44 with feed locations defined by Pe 
[W26] it is important to note that the desired phase 
distribution for each of the beams has two components 
a linear phase distribution across the outer aperture 
plane of the lens to direct (he beam to required location 
on the earth; and a quadratic phase distribution across- 
the outer aperture plane of the lens to broaden the cen- 
tral beams. 

[0027] in practice, because there are so many vari- 
ables associated with forming a beam/the desired foot- 
print of the beam on the earth s surface 50 is 
determined. This allows the focal length and the defe- 
cting distance to be determined. The angle 0 may also 
be determined as a function of the distance from the 
center feed. Thus, the varying Pc may be determined for 
each feed. A typical value for V is 2.2. Curved surface 
44 may be determined by curve fitting a smooth curve 
be^een the central beam and an edge beam The end 
values for the edge beams may be in the range of 1 8 to 
2.2 in order to produce elliptical beams with minor axis 
of the ellipse rotated along the scan plane. Each of the 
beams preferably is directed toward the central point 52 
of the inner surface 40 of lens 32. 
[0028] in practice, the diameter of the central beam 
■s preferably about 56-60% larger than an edge beam. 



This geometry corresponds to the curvature of the earth 
wherein the edge beams are smaller due to the greater 
distance traveled. 

[0029] Referring now to Rgure 6. a beam contour 
s plot shows the variation of beam ellipticity and beam 
rotation by varying the V value. The plot shows the 
beam pattern footprint with respect to azimuth degrees 
and elevation degrees. 

[0030J Referring now to Rgure 7, a plot of com- 
w puted beam patterns off a tow earth orbit satellite is 
illustrated. The beam patterns illustrated are taken 
along the azimuth. The computed patterns use a very 
accurate ray tube analysis. The beams overlap and 
become elGptical near the edge of the coverage. 
« [0031] Figure 8 is a plot of computed beam contour 
versus axes degrees for the azimuth beams of Figure 7. 
[0032] Referring now to Figure 9 and 1 0, plots of a 
central beam copolar and cross-polar patterns are illus- 
trated. The plots are in azimuth degrees versus eleva- 
20 tion degrees. 

P033] Referring now to Figures 1 1 and 1 2, plots of 
an edge beam copolar and cross-polar patterns are 
illustrated in azimuth degrees versus elevation degrees 
[0034] Referring now to Figure 13. a layout of an 
25 antenna configuration 68 using three lenses 32 is 8lus- 
trated in perspective. The plurality of feed horns 42 are 
shown positioned with respect to lens 32. A housing 70 
is used to position lens 32 with respect to feed horns 42 
The generated beams from antenna configuration 48 
so form a beam pattern as shown in Rgure 2. Each lens 32 
may have the same diameter. ' 
[0035] Referring now to Rgure 14, a plot of scan 
angle versus required directivity is illustrated for the 
antenna configuration of Figure 13. The edge of direc- 
ts tivrty coverage is about 4.7 dB higher than the central 
beam C directivity that compensates for the increased 
space attenuation for the edge beams. 
[0036] Refening now to Rgure 15, a variation of 
antenna configuration 68 of Rgure 13 is shown as 
<o antenna configuration 74. In this configuration, a plural- 
ity of lenses 76 having an equal diameter are shown. 
Lenses 78 are smaller in diameter than lenses 76 in Rg- 
ure 15. This configuration gives maximum flexibility for 
interleaving various size beams in forming the beam 
<5 pattern. 

[0037] The present invention may also be used for 
geostationary satellites with the exception that no defo- 
cusing for the feeed array is required. Also, the focal sur- 
face becomes almost spherical with each feed looking 
so at the center of the lens. The lens is capable of scanning 
± 20 beam widths from the boresight with minimal scan 
loss. 

[0038] To sum up. the present invention relates to 
an antenna configuration suitable tor LEO/MEO sate!- 
55 Irtes includes a plurality of lenses whereby each lens 
has a plurality of feed horns positioned with respect to 
the lens. The lens has a first surface and a second sur- 
face. The plurality of feed horns is disposed upon a 
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curved surface. Each of the plurality of feed horns gen- 
erates a beam that has a phase distribution. The phase 
distributions have a predetermined phase relationship 
with a first surface and preferably the second surface. 
This allows the lens to transmit and receive a signal with 5 
desired phase distribution across a cross-section of the 
beam. The beams from the plurality of lenses are inter- 
leaved on the ground to form a contiguous coverage 
wfth multiple overlapping spot-beams. 

[0039] As is described above, the invention greatly 10 
simplifies the feed array geometry by eliminating the, 
beam-forming network. Abo eliminated is the use of 
active components used inside the beam-forming net- 
work, this significantly reduces the weight and complex- 
ity of the satellite. 15 
[0040] While particular embodiments of the inven- 
tion have been shown and described, numerous varia- 
tions and alternate embodiments will occur to those 
skilled in the art Accordingly, it is intended that the 
invention be limited only in terms of the appended 20 
claims. 

Claims 

1. An antenna configuration characterized by: 25 

a lens (32) having a first surface and a second 
surface; and 

a plurality of feed horns (42), said plurality of 
feed horns (42) disposed upon a curved sur- 30 
face (44), each of said plurality of feed horns 
(42) generating a beam having an amplitude 
and phase distribution, said distributions hav- 
ing a predetermined phase relationship with 
said lens surface (40). 35 

2. The antenna configuration of claim 1 , characterized 
in that said beam has an amplitude distribution hav- 
ing a predetermined relationship with said second 
surface (38). <o 

3. The antenna configuration of claim 1 or 2, charac- 
terized in that said second surface (38) has a 
spherical shape. 

45 

4. The antenna configuration of any of claims 1 to 3, 
characterized in that said feed horns (42) have a 
plurality of diameters. 



a plurality of satellites (12). each of said satel- 
lites having 

beam-forming electronics; 

a lens (32) having a first surface and a second 

surface; and 

a plurality of feed horn assemblies (42) electri- 
cally coupled to said electronics and electro- 
magneticaJly coupled to said (ens (32). said 
plurality of feed horn assemblies (42) disposed 
upon a curved surface (44), each of said plural- 
ity of feed horn assemblies (42) generating a 
beam (22) having a phase distribution, said 
phase distribution and said beam having a pre* 
determined relationship with said first surface 
(40). 

7. The satellite network of claim 6, characterized in 
that said lens (32) has a reduced thickness portion. 

8. The satellite network of daim 6 or 7, characterized 
in that said feed horn assemblies (42) comprise a 
horn (42), a polarizer (40) and a filter (46) coupled 
to a switch (47), said switch coupled to a pair of 
amplifiers (49). 

9. The satellite network of any of claims 6 to 8. char- 
acterized in that said amplifiers (49) comprise low 
noise amplifiers. 

10. The satellite network of any of claims 6 to 9. char- 
acterized by a plurality of tenses (32), each of said 
lenses (32) coupled to a respective one of said plu- 
rality of feed horn assemblies (42). 



5. The antenna conf iguration of any of the preceding so 
claims, characterized in that said plurality of feed 
horns (42) have a center feed horn (54) having a 
first diameter and an edge feed horn having a sec- 
ond diameter, said center feed horn has a first 
diameter greater than said second diameter. 55 

6. A satellite network comprising: 
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